高温利用のための炭化珪素を用いたMEMS技術による容量型センサ by RAKESH  CHAND
MEMS-based Capacitive  Sensor using Silicon
Carbide for High Temperature Application




          ラケース チャンド 
氏 名          Rakesh Chand 
研究科，専攻の名称 東北大学大学院工学研究科（博士課程）バイオロボティクス専攻 
学 位 論 文 題 目          MEMS-based Capacitive Sensor Using Silicon Carbide for High   
Temperature Application 
論 文 審 査 委 員          主査 東北大学教授 田中 秀治 東北大学教授 小野 崇人   
             東北大学教授 桑野 博喜 
                               
論文内容要約 
Sensing in the high temperature environment is very important and critical technology required for process control as well 
maintaining the safety of the system Such as geothermal well drilling, aviation industry (in combustion chamber of the engine), 
nuclear plant, and automobiles. Different kinds of MEMS sensor which can operate in high temperature have been demonstrated in 
the past. Although the MEMS sensor has the temperature tolerance, they use the readout circuit which cannot be used in high 
temperature environment. Most of the these MEMS Sensor measures the physical parameter by transducing it into slight physical 
change (e.g. electrostatic capacitance change) of the MEMS sensor, this makes it necessary that the sensor readout circuit to be placed 
near to the MEMS sensor. Generally the Si electronic circuit is used for MEMS sensor readout, but as the Si readout cannot tolerate 
the high temperature (> 150 C), so it cannot be placed together with the MEMS sensor and need to keep at room temperature for 
reliable operation. This makes the detection of the small change in physical parameter by MEMS sensor very difficult. This is 
primarily due to lengthening of the line connecting the MEMS sensor and the readout circuit. 
The coaxial cables are generally used to electrically connect the sensor and the readout circuit over long distance. In the coaxial 
cable signal line is surrounded by another conductor connected to the earth ground to suppress the external electromagnetic effect and 
parasitic capacitance. As the cable capacitance is increased due to the lengthening of the cable, the capacitance change of the MEMS 
sensor is respectively decreased making it difficult to detect the slight change due to decreasing SN ratio. Capacitance due to 
lengthening of the coaxial can be canceled by Driven Shield Method by equalizing the voltage of signal line and the surrounding 
conductor using the capacitance load type operational amplifier (OP Amp.). However, it can be only used if the OP Amp. can pursue 
the frequency of the readout. If the capacitive load is increased, due to the lengthening of the cable, the frequency that OP Amp can 
pursue also decreases. As a result the impedance of the MEMS sensor is much bigger than the impedance of the resistance element for 
detecting the voltage change of MEMS sensor, thus the voltage change becomes small decreasing the SN ratio. 
To overcome this problem in this study, we propose the “MEMS-based Capacitive Sensor Using Silicon Carbide for High 
Temperature Application”. As the low SN ratio is the critical and most challenging problem, we propose the SiC Quad Diode Bridge 
circuit which can be placed together with the SiC/Si MEMS sensor (capacitive MEMS sensor) at high temperature for sensor readout 
application.  
We have designed and fabricated the SiC Quad diode bridge and MEMS sensor (SiC/Si hybrid accelerometer) for high 
temperature application. Electrical metal contacts and wiring were developed, sensing circuit and the sensors were mounted on the 
Sapphire back palate to evaluate the function of the SiC quad diode circuit and the sensor at  high temperature. We used the 4H-SiC 
diode which had a contact pad area of 300 µm × 300 µm and a junction area of 220 µm × 220 µm. Ohmic contact on both p and n (i.e. 
top and back) sides were made from Ni, because nickel silicide (NiSi) provides good ohmic contact for high temperature application. 
The electrical contact pads of the SiC diodes were made by sputter-depositing Ni or Pt on the NiSi Ohmic contact and the SiC diode 
dies were attached onto the Ni electrical contact on the Sapphire back plate. The forward current-voltage (I-V) characteristics of the 
SiC diodes with electrical contact of the Ni and Pt metal were measured at different temperature to observe  the device characteristic 
at high temperature. Long time high temperature testing at 673 K, 773 K and 873 K were carried out in the air, and the forward 
current-voltage (I-V) characteristics of the SiC diodes were measured at different time intervals to observe changes in the junction and 
series resistance. Stable p-n junction characteristic and constant series resistance were confirmed for the Pt-metalized diodes at 673 K, 
773 K and 873 K. However, the Ni-metallized diode showed a marginal increase in series resistance due to the oxidation of Ni metal 
contacts. No significant change in diode series resistance (Rs) and a diode ideality factor of 1.02 were confirmed in air. 
To demonstrate the functioning of SiC quad diode bridge circuit for capacitive MEMS sensor readout at high 
temperature (673 K). The SiC quad diode bridge circuit was fabricated by die attachment and Ni-Ni thermo-sonic 
wedge wire bonding. To imitate the MEMS sensor (differential capacitive sensor) the MOS capacitors were used. 
They were fabricated by dry-oxidation of Si substrate and later pattering the Ni electrode. The SiC quad diode 
bridge circuit was tested at 673 K using the high temperature testing setup where the temperature was precisely 
controlled. The differential capacitance of the dummy sensor (MOS capacitor pair, C1 and C2), was changed from 0 
pF to 3 pF by mechanically cutting (scratching) the metal line connecting the MOS capacitors C2, whereas C1 was 
constant at 5 pF. We observed the linear output voltage response to increases in the differential capacitance (0 
pF-3 pF) at 673 K. We also confirm the linear output voltage response of SiC quad diode bridge circuit with 
differential capacitive Sensor (kept at room temperature) at different temperature starting from room 
temperature up to 873K. 
We developed the a differential capacitive accelerometer (SiC/Si hybrid Z-Axis accelerometer) which can be used in high 
temperature environment. The MEMS sensor Si mass was supported by SiC beams, and differential capacitive gaps were formed by 
double side wafer bonding. To fabricate the MEMS sensor, the SiC film of 5 μm thickness was simultaneously deposited on both 
sides of a 200 μm thick Si substrate using our laboratory-made PECVD tool. The SiC film was patterned by reactive ion etching (RIE) 
with SF6 and O2 gas and using a thick Ni mask. SiC beams were released by a combination of deep RIE and following wet etching in 
TMAH. All three processed electrodes of the MEMS sensor were aligned together in two steps, and bonded simultaneously at 300 C 
in a vacuum using the Au-Au diffusion bonding, which should stand up to 600 C.  
In summery. We demonstrated the suitable electrical metallization which can be used in high temperature 
without electrical degradation. We characterized the pn junction SiC diode at high temperature (873 K). We also 
fabricated and demonstrated the working of high temperature sensing system (SiC Quad diode bridge ciruit) 
which can be used at high temperature (673 K~873 K). We also proposed and fabricated the SiC/Si MEMS sensor 
and packaging technology for high temperature application. 
 
  
  
